Background/Aims: Increasing evidence indicates that microRNAs (miRNAs) play important roles in Kawasaki disease (KD). Our previous study demonstrated that hsa-miR-27b-3p (miR27b) was up-regulated in KD serum. However, the specific role of miR-27b in KD remains unclear. We aimed to investigate that miR-27b could be a biomarker and therapeutic target for KD treatment. As well, the specific mechanism of miR-27b effecting endothelial cell functions was studied. Methods: The expression of miR-27b and Smad7 was measured by qRT-PCR. Gain-of-function strategy was used to observe the effect of miR-27b on human umbilical vein endothelial cells (HUVECs) proliferation and migration. Bioinformatics analyses were applied to predict miR-27b targets and then we verified Smad7 by a luciferase reporter assay. Western blot was performed to detect the protein expression of Smad7, PCNA, MMP9, MMP12 and TGF-β-related genes. Results: We confirmed that miR-27b was shown to be dramatically up-regulated in KD serum and KD serum-treated HUVECs and that elevated expression of miR-27b suppressed the proliferation and migration of HUVECs. Furthermore, our results verified that miR-27b mediated cell functions by affecting the TGF-β via targeting Smad7 in HUVECs. Conclusion: These results suggested that up-regulated miR-27b had a protective role in HUVECs proliferation and migration via targeting Smad7 and affecting TGF-β pathway. Therefore, miR-27b represented a potential biomarker for KD and may serve as a promising therapeutic target for KD treatment.
miR-27b Suppresses Endothelial Cell Proliferation and Migration by Targeting Smad7 in Kawasaki Disease

Introduction
Kawasaki disease (KD) is a multisystemic vasculitis syndrome most commonly affecting infants and young children. KD is the most common cause of coronary artery aneurysms (CAAs) in childhood. Moreover, 15 to 25% of untreated children develop CAAs or ectasia [1] and the risk is reduced only to 5% after treatment with intravenous immunoglobin in acute KD [2, 3] . However, the mechanism of KD-induced vascular injury remains unclear and no specific biomarker is available. Chu et al. indicated that miR-223 might participate in vascular injury in KD [3] . Using a KD mouse model, interleukin (IL)-1β and caspase-1 were determined to be critical for Lactobacillus casei wall extract-mediated coronary arteritis. Additionally, these lesions can be prevented by IL-1Ra treatment [4] . In the absence of a diagnostic test and specific pathogenesis, clinicians must rely on the recognition of clinical signs that may not have manifested [5] . Therefore, there is an urgent need to identify a therapeutic target or biomarker for KD treatment.
MicroRNAs (miRNAs) are 20-26 nucleotides in length and are related to posttranscriptional repression of target mRNA gene expression. At present, numerous researches have concluded that miRNAs could be therapeutic target and be diagnostic biomarkers. In acute liver failure (ALF), miR-1224 may represent therapeutic target via inhibiting cell proliferation and promoting cell apoptotic [6] . In addition, using DNA-gold nanoparticle probes, miRNA could be better applied in clinical praxis as biomarkers [7] . One research group showed that miR-155-5p, miR-483-5p, and miR-451a may support the early diagnostic value of coronary plaque rupture [8] . In addition to the reports described above, extensive research has indicated that miRNAs play important roles in KD development. One study revealed that miR-145, whose targets included proteins involved in the transforming growth factor (TGF)-β pathway, may play a crucial role in the vasculitis of KD [9] . However, the specific mechanism of miRNAs in KD remains unknown.
In the current report, we show that the expression of miR-27b was dramatically upregulated in KD serum and upregulation of miR-27b in HUVECs suppressed cell proliferation and migration by targeting Smad7 and regulating the TGF-β/smad pathway. Therefore, we hypothesized that miR-27b may represent a latent biomarker in KD and serve as a therapeutic target for KD treatment.
Materials and Methods
Study Subjects
In present study, we included 34 acute KD children, 42 healthy children as controls, 15 febrile children and 18 convalescent KD children. All study subjects were recruited from the Second Affiliated Hospital and Yuying Children's Hospital of Wenzhou Medical University between March 2016 and May 2017. We have presented the clinical characteristics of research objects in Table 1 . All patients diagnosed with KD had fever for at least five days and met at least four of five clinical criteria for KD (rash, conjunctival injection, cervical lymphadenopathy, oral mucosalchanges, and changes in the 
Cell line and cell transfection
The Human umbilical vein endothelial cells (HUVECs) were purchased from ATCC and were cultured in RPMI 1640 containing 10% foetal bovine serum (FBS) and 1% penicillin-streptomycin. Cells were maintained at 37 o C in a humidified atmosphere with 5% CO2. To detect the miR-27b expression in cells, HUVECs were incubated with 20% healthy control or acute KD serum. After 48 hours, cells were collected. Before cells were incubated, serum was heat-inactivated in 56 o C for 30 min and filtered by filter tip. Transfection with miR-27b mimics (ribobio, Guangzhou) and siRNA (ribobio, Guangzhou) were performed using Lipofectamine 2000 (Invitrogen, USA).
RNA isolation and qRT-PCR
Total RNA was extracted from acute KD, healthy controls, febrile children and convalescent KD serum using Trizol LS (Sigma, USA) and from HUVECs using Trizol (Sigma, USA) according to the manufacturer's instructions. RNAs were reverse transcripted using ReverTra Ace qPCR RT Kit (Toyobo, Japan). Detection of miR-27b and Smad family member 7 (Smad7) expression were performed by qRT-PCR. As an internal control of cells, U6 was used for miRNA template normalization and GAPDH was used for other template. For serum samples, Caenorhabditis elegans miR-39 (Cel-miR-39) was added as a spike-in control. All experiments were done in triplicate. The primers were listed in Table 2 .
Luciferase reporter assay
Luciferase reporter vector was constructed by cloning human Smad7 mRNA sequence into pMIRReport construct (Ambion, Austin, USA). Smad7 mRNA fragment (from 771 to 830), which was located in CDS of Smad7, was amplified and cloned into the luciferase repoter via SpeI and HindIII sites. Briefly, cells plated in a 48-well plate were co-transfected with 50 nM miRNA mimics or negative control oligonucleotides (NC), 50 ng of firefly luciferase reporter and 10 ng of pRL-TK (Promega, USA) using the JetPRIME reagent (Polyplus-transfection) [10] . Cells were collected 36 hours after transfection and analyzed using DualLuciferase Reporter Assay System (Promega, USA). All the primers were listed in Table 2 .
Cell proliferation assay
Cell viability was quantified by measuring the reduction of MTS to formazan product using CellTiter 96 ® AQ ueous One Solution Cell Proliferation Assay (Promega; Madison, WI) according to the manufacturer's protocol. The optical density at 492 nm was determined with the microplate reader (Molecular Devices; Sunnyvale, CA). 
Cell migration assay
The migration ability of HUVECs was first determined by using wound healing. Each well of a six-well plate was seeded with 5×10 5 cells and cultured for 24 h to 100% confluence. The cells were scratched with the head of a 200-μl tip and then cultured for 48 h. these cells in each group were then photographed for analysis.
The second method to test migration ability of HUVECs was transwell chambers method. Chambers have upper and lower culture compartments that are separated by polycarbonate membranes with 8-μm pores (Costar, Cambridge, MA, USA). Transfected cells in serum-free medium were seeded at 5×10 4 in the top chamber and the bottom chamber was filled with RPMI-1640 medium containing 20% FBS as a chemoattractant. The chamber was incubated at 37°C in a humidified incubator containing 5% CO 2 . Eight hours later, cells that migrated to the underside of the membrane were fixed with 4% paraformaldehyde (Sigma Aldrich, St. Louis, MO), stained with crystal violet (Beyotime, Shanghai, China), imaged, and counted with a microscope (Leica, UK). All experiments were performed in triplicate.
Western blotting
Total proteins were obtained by a RIPA lysis buffer containing protease and phosphatase inhibitors. Protein samples were loading in 10% SDS-PAGE gel and transferred to polyvinylidene fluoride (PVDF) membranes. The membrane was blocked with 5% non-fat milk and then was incubated with primary antibodies including Smad7 (CY2385, Abways Technology ), Smad2/3 (#8685, Cell signaling), p-Smad2/3 (#8828, Cell signaling), E-cadherin (#3195, Cell signaling), N-cadherin (#13116, Cell signaling), Vimentin (#12826, Cell signaling), PCNA (#13110, Cell signaling), MMP9 (#13667, Cell signaling) and MMP12 (ab137444, Abcam) at 4 o C overnight. Membranes were washed three times with TBS plus 0.1% Tween 20 and next incubated with a goat and mouse anti-rabbit secondary antibody (Pierce, IL, USA). The proteins were detected using ECL reagents. All experiments were performed in triplicate.
Statistical analysis
All data are presented as means + standard deviation (s. d.) from at least three independent experiments. Student's test was used to analyze the difference between two experimental groups and a two-tailed P<0.05 was taken to indicate statistical significance.
Results
miR-27b is increased in KD serum and miR-27b levels in serum can distinguish patients with KD
We previously revealed that many miRNAs, including miR-27b, are differentially expressed in serum from KD patients compared with healthy children [3] . However, the functions of these miRNAs in KD are not clear. To further verify upregulation of miR-27b in KD, serum from acute KD patients and healthy controls, as well as febrile and convalescent KD patients were used to analyze. We found that miR-27b expression was much higher in serum from acute KD patients than healthy controls, as well as febrile and convalescent KD patients (Fig. 1A) . Together, these data showed that miR-27b was remarkably up-regulated in KD serum. However, whether miR-27b could be a biomarker to distinguish patients with KD remains unknown.
Nextly, we used receiver operating characteristic (ROC) curves to assess the diagnostic value of miR-27b for KD. As shown in Fig. 1B , ROC curve analysis showed a sensitivity of 85.3% and a specificity of 100% at the threshold, representing the largest diagnosis efficiency for discriminating children with acute KD from healthy controls, while the miR-27b cutoff ΔCt value was 3.16, with an area under the curve (AUC) of 0.953 (p < 0.001, 95% confidence interval [CI] 0.899-1.000). As shown in Fig. 1C , miR-27b had a sensitivity of 67.6% and a specificity of 93.3% for discriminating children with acute KD from febrile children, while the miR-27b cutoff ΔCt value was 4.12, with an AUC of 0.873 (p < 0.001, 95% CI 0.774-0.971). As shown in Fig. 1D , miR-27b had a sensitivity of 91.4% and a specificity of 66.7% for discriminating children with acute KD from convalescent children, while the miR-27b 
Upregulation of miR-27b inhibits the proliferation and migration of HUVECs
Many studies showed that the increase of miRNA expression in the blood can cause the increase of expression in the endothelial cells and thus affect the function of endothelial cells [3, 11] . In order to investigate whether KD serum can increase the expression of miR27b in endothelial cells and the function of upregulation of miR27b in KD serum, we performed the following experiments. Firstly, HUVECs were incubated with acute KD and healthy control serum. Dramatically, miR-27b was increased in KD serum-treated HUVECs ( Fig. 2A) . Nextly, miR27b mimics were also transiently transfected into HUVECs, our results showed that miR-27b was significantly increased in HUVECs transfected with miR-27b mimics (Fig. 2B) . Finally, the function of upregulation of miR-27b in HUVECs were performed. A cell proliferation assay (MTS assay) showed that the upregulation of miR-27b in HUVECs significantly inhibited cellular proliferation (Fig. 2C ). In addition, the overexpression of miR-27b resulted in decreased cellular migration according to wound healing (50 ± 11.85 vs. 100 ± 0.03333, p < 0.05; Fig. 2D , E) and Transwell chamber (70.93 ± 4.404 vs. 100 ± 0.05, p < 0.05; Fig. 2F , G) assays. Conclusively, these results proved that KD serum increased miR-27b in HUVECs and upregulation of miR-27b in HUVECs inhibited cell proliferation and migration.
miR-27b targets and upregulates Smad7 protein in HUVECs
We then aimed to investigate the mechanism of the upregulation of miR-27b. DIANA-TarBase includes over half a million experimentally confirmed miRNA-mRNA interactions [12] . Therefore, we used DIANA-TarBase (http://diana.imis. athena-innovation.gr/) to identify target genes of miR-27b. Many miR-27b target genes from DIANA-TarBase are related to the TGF-β signaling pathway, which is associated with cell proliferation and migration [13] . TGF-β signaling pathway-related miR-27b target genes are listed in Table 3 . We focused on Smad7, a negative regulator of the TGF-β signaling pathway [14] . To determine whether Smad7 is a genuine target of miR-27b, we first performed luciferase reporter assays in HUVECs. As shown in Fig. 3A and B, cells transfected with miR-27b exhibited a dramatic increase in luciferase activity. Next, we investigated whether endogenous Smad7 in HUVECs was regulated in a similar manner. HUVECs were transfected with miR27b mimics or negative control oligonucleotides, and Smad7 mRNA and protein levels were examined by qRT-PCR and western blotting, respectively. The level of Smad7 mRNA and protein were consistently and substantially up-regulated by miR-27b (Fig. 3C, D) . In summary, these results clarify that miR-27b directly targets Smad7 in HUVECs. 
Upregulation of miR-27b in HUVECs suppresses TGF-β signaling pathway and EndoMT process
Several studies have demonstrated that the TGF-β signaling pathway enhances cell proliferation and migration by regulating the endothelialmesenchymal transition (EndoMT) in endothelial cells [9, 15] . Our results demonstrated that miR-27b targets and upregulates the expression of Smad7, a negative feedback loop of the TGF-β signaling pathway. Therefore, we hypothesized that miR-27b may regulate TGF-β pathway and EndoMT process. In order to investigate this hypothesis, we performed the following experiments. Our results showed that the phosphorylation of Smad2/3 (p-Smad2/3), a gene involved in the TGF-β pathway, was decreased in cells transfected with the miR-27b mimics. In addition, the expression of vascular endothelial cadherin (E-cadherin), an endothelialspecific marker, was increased in miR-27b mimic-transfected cells. Conversely, the expression of mesenchymal markers, including vimentin and N-cadherin, were decreased (Fig.  4) . Taken together, these data indicate that upregulation of miR-27b in HUVECs suppresses TGF-β signaling pathway and EndoMT process.
Restrained Smad7 rescues miR-27b-induced HUVEC functions and the signaling pathway
We determined that the overexpression of miR-27b suppresses the proliferation and migration of HUVECs. We also found that miR-27b up-regulates the Smad7 protein in HUVECs and suppresses TGF-β signaling pathway and EndoMT process. Therefore, we hypothesized that miR-27b regulates cell proliferation and migration by targeting Smad7 in HUVECs. In order to investigate this All experiments were done in triplicate. Data were subjected to Student's t-test. *p<0.05, **p<0.01, and ***p<0.001. 
hypothesis, the following experiments rescue studies were performed in HUVECs. Smad7 siRNA inhibited the expression of Smad7 protein, when compared with the scramble group ( Fig. 5C and D) . The expression of N-cadherin, Vimentin, p-Smad2/3 protein increased and the expression of E-cadherin protein was inhibited after transfected Smad7 siRNA when compared with the scramble group ( Fig.  5A and B) . In addition, Smad7 siRNA can also reverse the inhibitory effect of miR-27b on the expression of TGF-β pathway related proteins. Moreover, the expression of proliferation and migration related proteins, including proliferating cell nuclear antigen (PCNA), matrix metallopeptidase 9 (MMP9), matrix metallopeptidase 12 (MMP12) increased after transfected Smad7 siRNA when compared with the scramble group ( Fig. 5C and D) . In addition, Smad7 siRNA can also reverse the inhibitory effect of miR-27b on the expression of cell function related proteins. Nextly, cell functions were performed. MTS assay showed that Smad7 siRNA could promote cellular proliferation when compared with the scramble group (Fig. 6A ). In addition, Smad7 siRNA can also reverse the inhibitory effect of miR-27b on cellular proliferation. The wound healing ( Fig.  6B and C) and Transwell assays ( Fig.  6D and E) showed that Smad7 siRNA could promote cellular migration when compared with the scramble group. In addition, Smad7 siRNA can also reverse the inhibitory effect of miR-27b on cellular migration. Taken together, these results demonstrate that miR27b regulates HUVEC proliferation and migration by targeting Smad7.
Discussion
The main finding of this study is that upregulation of miR-27b in KD serum could serve as a biomarker for KD. In addition, overexpression of miR-27b in HUVECs inhibits cell proliferation and migration, and the underlying mechanism likely involves the promotion of Smad7 and feedback repression of the TGF-β pathway, resulting in suppression of the EndoMT process. This study provides evidence that miR-27b could represent an [18] . Furthermore, Boon et al. verified that miR-27b enhances angiogenesis and plays a part in the atheroprotective mechanism [19] . In the current study, our results found that miR-27b, which was firstly reported targeting Smad7, inhibited cell proliferation and migration by targeting Smad7 in HUVECs. Interestingly, our results revealed that miR-27b up-regulated the Smad7 expression in HUVECs, which was similar to many previous studies. For example, one study reported that miR-369-3, Let-7, and the synthetic miRNA miRcxcr4 up-regulated the translation of target mRNAs by binding to AU-rich elements (AREs), which is transformed into a translation activation signal [20] . In another study, a similar mechanism was reported in which miR-466l combines with the IL-10 3'-untranslated region AREs to prevent IL-10 mRNA degradation [21] . Furthermore, miR-373 induces E-cadherin expression by targeting its promoter [22] .
KD is an important immune illness resulting in multisystem vasculitis in childhood. At present, clinical doctors diagnose KD only on the basis of clinical symptoms due to the lack of a specific biomarker or laboratory test. A previous study showed that interferon-gammainducible protein 10 (IP-10), a chemokine secreted by several cells, was highly increased in acute KD, which is useful for its diagnosis [23] . Aberrant miR-155/SOCS-1 signaling and the overexpression of miR-31 may be involved in the function of regulatory T cells, which are associated with the development of KD [24] . Another study revealed that serum miR-200c and miR-371-5p were overexpressed in KD patients [25] . In our study, serum validation and ROC curve analysis were performed and revealed that miR-27b was highly up-regulated in acute KD serum and was highly specific and sensitive for the diagnosis of KD.
Vascular injury is the most common and serious complication of KD. Wang et al. reported that serum Th1 and Th2 cytokine expression were higher in KD patients with coronary artery lesions (CALs) than those without CALs [26] . Breunis et al. hypothesized that genetic variation may be involved in the development of CALs [27] . Another study revealed that peripheral blood mononuclear cell miR-93 may regulate the expression of vascular endothelial growth factor A and is involved in the pathogenesis of arteritis in acute KD [28] . Recently, one research showed that, the mechanism of miRNA-involved blood vessel damage, particularly the protective mechanism, remains unclear. One research showed that KD-induced endothelial cell apoptotic could be inhibited by knockdown of miR-223, which was up-regulated in KD serum [3] . In addition, Another study showed that miR-125a-5p increased in plasma induced endothelial cell apoptotic [29] . Our results revealed that upregulation of miR-27b inhibits endothelial cell proliferation and migration by increasing Smad7 expression. This may be the first protective mechanism of up-regulated miRNA in KD vasculitis.
The TGF-β pathway is important in many diseases, including KD. Shimizu et al. demonstrated that genetic variation in TGF-β pathway genes affects the susceptibility to KD and CAA formation [30] . Another study revealed that products of TGF-β pathway-related genes expressed in cells in the injured coronary arterial wall from KD autopsies [15] . EndoMT is defined as a phenotypic change of normal endothelial cells to mesenchymal cells and enhances cell proliferation and migration. Moreover, TGF-β plays a central role in actuating EndoMT progression [31, 32] . A few studies have focused on the relationship between the EndoMT and KD. He et al. proved that KD sera induced endothelial cells undergoing the EndoMT [33] . In our study, we assumed that miR-27b inhibits the TGF-β pathway to influence the cellular EndoMT by targeting Smad7 to protect vascular endothelial cells. Altogether, we demonstrated high expression of miR-27b in KD serum. We conclude that miR-27b could serve as a new biomarker for KD diagnosis and may exert a protective function by inhibiting the EndoMT in HUVECs by targeting Smad7.
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